A new antibiotic termed cladospolide D was isolated along with the known cladospolides A and B from the fermentation broth of Cladosporium sp. FT-0012 by solvent extraction, ODS column chromatography and preparative HPLC. The structure of cladospolide D was deduced to be (£)-2-dodecen-5-hydroxy-l l-olide-4-one. Cladospolide D showed antifungal activity against Pyricularia oryzae and Mucorracemosus.
During our screening for novel bioactive compounds of microbial origin, we have isolated three cladospoliderelated compounds, members of 12-membered macrolide family, from the culture broth of Cladosporium sp. FT-0012 (Fig. 1) . Although two compounds were identified as cladospolides Aand B, the other was found to be a new compound, termed cladospolide D (Fig. 2) . Cladospolides A and B were originally isolated from the culture broth of Cladosporiumsp. as a root growthinhibitor and a promoter of lettuce seedlings, respectively1~4). The structure of cladospolide D was elucidated by various spectral analyses including NMRexperiments.
In this paper, the taxonomy of the producing strain, fermentation, isolation, biological properties and structure elucidation of cladospolide D are described.
Materials and Methods

General Experimental Procedures
Fungal strain FT-0012 was isolated from a sponge sample collected in Pohnpei island, Federated State of Micronesia, and was used for production of cladospolides. Melting points were measured with a Yanacomicro melting point apparatus. EI-MS spectra were recorded on a JEOL JMS-D100 mass spectrometer at 20eV FAB-MSspectra were recorded on a JMS-DX300 mass spectrometer. The various NMR spectra were obtained on a Varian XL-400 spectrometer. HPLCwas carried out using the JASCO (TRI ROTARV) system. Gas chromatography was carried out using the Shimadzu (GC-14A) system with a flame ionization detector (FID).
Taxonomic Studies For the identification of the fungus, potato dextrose agar (Difco), malt extract agar, Czapek's agar, corn meal agar (Difco) and YpSs agar (soluble starch 1.5%, yeast extract 0.4%, K2HPO4 0.1%, MgSO4-7H2O 0.05% and agar 2.0%, pH 6,0) were used. The morphological properties were observed with a scanning electron microscope (model JSM-5600, JEOL).
Antimicrobial Activity Antimicrobial activity was tested using paper disks (6mm, ADVANTEC). Bacteria were grown on MuellerHinton agar medium (Difco), and fungi and yeasts were grown on potato broth agar medium. Antimicrobial activity was observed after a 24-hour incubation at 37°C for bacteria and after a 48-hour incubation at 27°C for fungi and yeasts.
The effect of cladospolide D on the growth of several microoganisms was determined using 96-well microplates5'6) and the following media: peptone 0.5% and meat extract 0.5% (pH 7.0) for Xanthomonas oryzae and Staphylococcus aureus; and glucose 1.0% and yeast extract 0.5% (pH 6.0) for Pyricularia oryzae. Microorganisms were inoculated in each well at about 2X104-1X105 cells/ml and incubated in the presence of the drug (0-150 /iig/mV). The growth was measured as OD600 after a 24-hour incubation at 27°C for X. oryzae, after a 24-hour incubation at 37°C for S. aureus, or after a 48-hour incubation at 27°C for P. oryzae.
Results and Discussion
Characteristics of the Producing Strain FT-00 12
Strain FT-0012 was isolated from a sponge sample collected in Pohnpei island. Morphological properties were examined after incubation at 25°C for 7 days on potatodextrose agar ( From these morphological characteristics, strain FT-00 12 was considered to belong to the genus Cladosporium.
Fermentati on
A slant culture of strain FT-0012 grown on YpSs agar was used to inoculate 500-ml Erlenmeyer flasks containing 100ml (50% sea water) of a seed medium (glucose 2.0%,
0.05%, Polypepton (Daigo Nutritive Chemicals) 0.5%, KH2PO4 0.1% and agar 0.1%, pH 6.0). The flasks were shaken on a rotary shaker (210rpm) for 3 days at 27°C.
Erlenmeyer flask containing 100 ml (50% sea water) of the production medium (potato dextrose broth (Difco) 2.4%).
The fermentation was carried out at 27°C. A typical time course of the fermentation is shown in Fig. 3 conditions, cladospolides A, B and D were eluted with retention times of 6.0, 7.0 and 12.0 minutes, respectively. The production of cladospolide D was observed at day 1 after inoculation, and reached a maximumat day 3.
Isolation
The 6-day old whole broth (4 liters) was centrifuged at 3000rpmfor 15 minutes. The supernatant was extracted with ethyl acetate (4 liters). The organic layer was dried over Na2SO4and concentrated in vacuo to dryness to give a red oil (445 mg). The mycelium was extracted with 600ml of acetone. After centrifugation, the extracts were concentrated to removeacetone, and the remaining aqueous solution was extracted with ethyl acetate (600ml). The organic layer was dried over Na2SO4and concentrated in vacuo to dryness to give a red oil (485mg Structure of Cladospolide D The physico-chemical property is summarized in Table 1 . The molecular formula of cladospolide D was determined to be C12H18O4on the basis of HREI-MSmeasurement.
The 13C NMRspectrum (CDC13) showed 12 resolved peaks (Table 2) , which were classified into one methyl, five methylene, two 0-methine, two sp2 methine, and two carbonyl carbons by analysis of the DEPTspectra. The !H NMRspectrum displayed 17 proton signals (Table 2) . To fulfill the molecular formula of cladospolide D, the presence of one hydroxyl group was suggested, which was a>The sample was dissolved in CDC13. Chemical shifts are shown with reference to CDC1 3 as 77.7 ppm. b) Chemical shifts are shown with reference to CDC13as 7.26 ppm. Taken together, the structure of cladospolide D was elucidated to be (£)-2-dodecen-5-hydroxyl l-olide-4-one (Fig.2) .
Biological Properties Biological Activities
First, antimicrobial activity was tested using paper disks at a concentration of 1000figlml (10/xg/disk). Cladospolide D was active against Pyricularia oryzae KB180 (diameter of inhibition zone: 16mm) and Mucor racemosus KF223 (IFO 4581) (12mm). No or very weak antimicrobial activity was observed against other microorganisms as listed in Table 3 .
The inhibitory effect on the growth of the four microorganisms was confirmed in a liquid culture using 96- well microplates. The growth of M. racemosus and P. oryzae was inhibited by cladospolide D in a dose-dependent fashion ( Fig. 7) 
